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T  

O D A Y  w e  take it a lmos t  for & ted that sc i -  
e nce  a n d  its assoc ia ted  techno logy  p r og ress  
t hmugh  a  se r i es  of r evo iu tkmary  l eaps  -  
g ian t  s teps fo rward  that g i ve  us  a&oge t he r  

n e w  pe rspec t i ve  o n  the na tu ra l  wor ld, ;  It B e r n a r d  
C o h e n  wr i tes. Mr .  C o h m  a  p ro fesso r  of the h ls to~y  of 
sc i ence  at Ha rva r d  Un tvem$y,  r em i nds  us, howeve r ,  
that the t radI t iona l  Im a g e  of r evo lu tkm was  as t nmom l -  
Ca l -  the o rde r l y  a n d  cycI ic c lmu la t l on  of ce lest ia l  ob.  
jects. T h m u g h  the 17 th  century,  t& te rm conno ted  res -  
torat Ion m o r e  than  upset.  A  centu ry  later, the revo lu -  
t ions i n  Ame r i c a  a n d  i n  F r ance  f i rmly e t abUshed  the ’ 
cm t empo r a g  m e a & g :  a s +  Mr .  C o h e n  pu ta  it, ‘*a . 
c h ange  that is sudden ,  rad ica l ,  a n d  comp le te ,  of ten a o  
c ompan i e d  by  v l o i ence  o r  at least  the exe rc i se  of force.” 

The  m a i n  na r ra t ive  content  of “Revo lu t i on  i n  Sc i -  
e nce” Is the h is tory of phys ica l  sc i ence  fm m  the 17 th  -  
t hmugh  the 20 th  centur ies,  cu lm lna t l ng  In the theo ry  of 
relat iv ity, q u an t um  theory  a n d  the theo ry  of p la te  tee 
tonics. These  stor ies a r e  comp i l e d  i n  m a n y  o the r  p laces,  
but  I k n ow  of n o  o the r  c ompa r a b l e  an tho logy,  carefu l ly  
d ocumen t ed  a n d  to ld i n  a  st ra ight forward,  c omp r e hen -  
s ive  style. Th roughou t ,  Mr .  C o h e n  t& e s  out  wha t  ls 
revo lu t ionary .  o r  ra the r  wha t  was  sa i d  to b e  revo lu t l on -  
a ry  abou t  the p eop l e  whose  wo rks  h ave  b e c o m e  mi l e  
S tO IUS  -  Kep l e r ,  Ga l i l eo ,  Newton,  Lavo ls ie r ,  Fa raday ,  
MaxweU ,  E i ns teh  a n d  m a n y  other .  (H is  c&.ka l  in i -  
m u s  aga ins t  Cope rn i cus’s membe l s h i p  l n  that c o m p a n y  
Is pmnounced .  H e  even  g i ve3  a  ful l  chap te r  to a  cr l t lque 
of m ls ln te rp re te rs  of Kan t  -who  thought  the ph l lm  
phe r  b a d  c o m p a r e d  h is  o w n  ach i evemen ts  l n  ph i l osophy  
to a  “Copem l c z u ~  Revo lu t i on” l n  sc ience,  thus endo r s i ng  
the no t i on  that the re  h a d  b e e n  a  Copem i c a n  revo lu t i on  
-  i n  the h i nd  of  deta i l  that  wou l d  b e  m o r e  app rop r i a te  
for the a f i c i onados’ Jomna ls .  F m m  n o w  on,  n o  o n e  1s  
l ike ly to re fe r  to t h e~Yope r n l c an  Revo lu t i on” wi thout  j  
sh i e l d i ng  Q imse l f  fm m  Mr .  C o h e n ’s wrath. )  

B l o l o gy  rece ives  less at tent ion f r om h im;  p e r haps  

sea rch  is to de f l he  a n d  ana l yze  the in te ract ions be tween  
the na tu ra l  a n d  exact  sc iences  a n d  the s&a l  a n d  behav -  
i o ra l  Sc iences .” 

it h as  h a d  fewer,  if o o  less amsequen t i a l , ‘revo lu t ions.  
B e  has  a  par t icu la r ly  f ine accoun t  of Ha rvey’s e l u dda -  
t ion of the c i rcu la t ion of the b lood .  Vesa l i u s  h a d  d is -  
sec ted  the hea r t  be fo re ,  hut  d a r e d  not  cont rad ic t  the 
we lgh t  of t rad i t iona l  author i ty;  the sep t um of the hea r t  
h a d  to b e  po rous ,  desp i te  the ev i dence  of h is  eyes.  D N A  
resea rch  is too recent ,  p e r haps  too int r icate i n  deta i l ,  to 
b e  t reated i n  s im l l a r  b readth .  I a m  st@ led,  neve r the -  
less, to r e ad  that it h as  h a d  n o  l a r ge  i deo log i ca l  fal lout. 
In fact, D N A  resea rch  ht i  b r ough t  a n  e n d  to a  l o ng  h is -  
tory of vital ist ic specu la t ion .  n ame l y  the expecta t ion  
that n e w  p r i nc ip les  t r anscend ing  the ex is t ing f rame- .  
wo rk  of phys ics  a n d  chemis t ry  wou l d  b e  n e e d e d  to ex -  
p l a i n  I lvIng p h enomena .  That  expecta t ion  was  en te r -  
ta i ned  e ven  by  he ro i c  f igu res i n  the phys ica l  sc i ences  
l ike N ie ls  B o h r  a n d  M a x  De lbmck ,  a n d  it was  espec ia l l y  
r ampan t  In F r ench  ph i l osophy  as  any  r eade r  of  Hen r i  
B e r g s o n  W U I reca l l .  

H e  says  h e  h a d  l o ng  wgh r  h is tor ica l  r e fe rences  to 
. revo l~ t lons In sc i ence  we r e  S imp l y  anachron is t ic ,  u sed  
on l y  by  re la t ive ly  recen t  h is to r ians  to desc r i be  t he  work  
of p l o n e e m  i rk past  cenMes .  “Cou l d  such  innovat ive  
sclent i f lc th lnkert  as  Kep l e r ,  Ga l i l eo ,  Ha rvey  conce i ve  
of the i r  o w n  wo rk  as  be i n g  revo lu t i ona ry?” Then  h e  ex -  
P = =  “as ton ishmen t  as  m y  r esea rch  b e g a n  to 
, pmduce  examp l e s  of d l sqss ions  of revo lu t i on  i n  sc i -  
e nce  f r om each  of the past  four  cenMes .” -  

‘The  o rgan i z i ng  t h eme  O f Mr .  C o h e n ’s book ,  th6nn,  is 
the use’ of the t e rm “r e vo l uUou’* by  scient ists a n d  h & t &  
r ians;  h e  is pu tsu ing  the h ls tory of a n  Idea. In e xam i n -  
l ng  l i nkages  to ex te rna l  affairs, h e  &  asks  “Wha t  ef-  
fect h ave  such  soc ia l  a n d  po l l t lca l  u pheava l s  as  the 
F r ench  Revo lu t i on  a n d  the r ise  of Ma r x i sm  h a d  o n  the 
way  scient ists, ph i l osophe rs  a n d  h is to r ians th ink abou t  
revo lu t i ons  h l  sc i ence?” . 

H e  no tes  that the re  ls s o m e  r e + son  for l i nk ing  sc ien -  
tific rew lu t i ons  a n d  those  in  the po l i t ica l  o r  soc ia l  

. . . 

T h e  h is tory of  scient i f ic revo lu t i ons  was  m a d e  
popu l a r  by  the wRe l l - known  wo rk  of T h o m a s  S . K u h n  in  
1962 ;  h is  m a i n  conce r n  was  wi th the psycho l ogy  of be l ie f  
a n d  h o w  it g ove r n ed  p @ l e ’s accep tance  of cha l l eng i ng  
innovat ion .  O ther  m o r e  ob ject iv lst  h is tor ians,  no tab ly  
G e o r g e  Sar ton ,  h a d  d ownp l a yed  d iscont inuI t les i n  sc ien -  
tific a dvance  a n d  emphas i z e d  the cumu la t i ve  impac t  of 
iMIJmeI2Jb ie  sma l l  cont r ibut ions.  Aga i ns t  th is back -  
f : round. Mr .  C o h e n ’s wo rk  is par t  of wha t  h e  ca l ls  a  
“b m a d  r esea rch  p r o g r am  wi th a  d oub l e  a im:  exp l o r i ng  

. . creat ive p rocess  es  by  wh i ch  a  pract f t ioner  i n  o n e  
d isc ip l i ne  uses  the l deas  (concepts,  methods ,  theor ies.  
toots) of ano the r  d isc ip l ine.  T he  second  goa l  of m y  re -  

J oshua  Lede rbe rg ,  the p res iden t  of Rockefe l l e r  
Univers i ty,  r ece i ved  the Nobe l  P r i z e  l n  Med i c i n e  i n  1 9 5 9  
for h ls  msea r c h  l n  m i cmb l a l  genet ics .  

J 
‘sphe re .  T he  r ap i d  a dvance  of scient i f ic i deas  -no tab ly  
the l conoc l asms  of F reud ,  Darw in ,  M o n d e l  a n d  E ins te i n  
-  h a &  o ccumzd  at tim e s  of po l i t ica l  u pheava l s  a n d  
h ave  b e e n  d i scus .c~ed  as  cu r ren t  e ven@  together  wi th 
t h em In l i te rature a n d  i n  the popu l a r  med i a .  T he  r i s ing  
expecta t ion  that the wo r l d  c an  b e  c h anged  in  its po l i t i -  
ca l  a n d  soc ia l  s t ructure m a y  i n deed  b e  assoc ia ted  wi th 
the asp i ra t i on  to c h a n g e  its scient i f ic ideas.  Conse rva -  
t lve soc ie t ies to le rate scient ists w h o  cha l l e nge  the p re -  
va i l l ng  o r de r  m u c h  m o r e  read i l y  than. they to le rate 
o the r  th inkers  w h o  d o  the same .  Sc i e nce  has  f l ou r i shed  
w h e n  soc ia l  c lass r ig id i ty l oosens  in  the face of eco -  

-  n om i c  d e m a n d  for techno log ica l  ‘expans ion .  Indeed,  the 
scient i f ic ca ree r  ls itself a n  effect ive vector  of soc ia l  
mobi l i ty .  O n  the o the r  hand ,  ex t r eme  rad i ca l i sm has  
st i f led sc ient i f i dpmgress,  as  w e  have  s een  wi th the im -  
pos i t ionof  off ic ia l  state sc i ence  u nde r  Hi t le r  a n d  S tal in. 

Mr .  C o h e n  asger ts  h is  ident i ty as  h istor ian,  not  ph i -  
l o sophe r  o r  soc io log ist ,  a n d  h e  m e a n s  it. H e  makes  use  
of Mr .  K u h n ’s i deas  ( Inc lud ing  m m e  Mr .  K u h n  has  
cha r@ 4  s ince  h e  first wro te  abou t  them),  but  h e  is 
m u c h  m o r e  Interested i n  h o w  p O th scient ists a n d  hi.% * 
r i ans  h ave  l o oked  at scient i f ic i nnova t i on  du r i ng  the last 
4 0 9  years.  I first encoun te r ed  h i m  abou t  3 0  yea rs  a g o  
w h e n  I consu l ted  h i m  abou t  the authent ic i ty of a  sc ien -  
Ufk anecdo te .  My  que r y  was  amp l y  r ewa rded ,  a n d  so  
wi l l  the r e ade r  of the p resen t  wo rk  b e  r ewa r ded -  i n  the 
content  of the stor ies Mr .  C o h e n  tel ls a n d  the met i cu -  
l ousness  wi th wh i ch  h e  documen ts  them.  

Mr .  C o h e n  de l i nea tes  four  s tages in  a  revo lu t ion.  It 
beg i ns  wi th a n  Inte l lectua l  ins ight.  T he  scient ist then  . 

& ste in tip  B  In comp rehens i b l e  ’ 
r -  ‘,e ’ -  Eve r y  sc ien t i s~has  a  ves ted  interest i n  the p rese rva t i on  of the * 

*:, ’ 
status q u o  to the extent  that f le d oes  not  wan t  the ski l ls a n d  expert .  
k now l edge  wh i ch  h e  has  acqu i r ed  at g rea t  cost i n  tim e  a n d  

.,. 
I.. ‘.. 

l ea r n i ng  ene r gy  to b e c o m e  obso le te .  Bu t  desp i te  th is na tu ra l  

nonscient tsta.  It m a y  b a  b e y o n d  t he  u nde r s t a nd i u g  of m a n y  o the r  
. . . . Th is  was  cer ta in ly  the case  

for E ins te i n’s theo ry  of relat iv ity, the . . 
a l l e ged  gene r a l  non lnte l l ig ib i l i ty  of wh i ch  
was  ensh r i n ed  i n  the popu l a r  say i ng  that 
on l y  e igh t  (o r  twe lve)  p eop l e  unde rs t ood  

; 

it. Bu t  its non ld te~ l ig ib i l i ty  to the pub l i c  ’ 
af fected ne i the r  the accep tance  of 
re lat iv i ty by  the scient i f ic commun i t y  
no r  the gene r a l  l ay  op i n i on  that ; . . 
[E ins te i n’s] i n comp rehens i b l e  a n d  
rew lu t i ona ry  theo ry  was  t ie of the great ,  

makes  a  p r iva te  r F o &  of h is  commi tmen t  G  i &  pu r -  
suit. H e  then  commun i ca t es  h is  i deas  pr ivate ly  wi th co l -  
l e agues  be fo re  h e  fo rma l l y  pub l i shes  them:Fina l ly ,  h is  
t h e&y&z  i nco rpo ra ted  in to the theoret ica l  fabr ic  a n d  
p ract ice  of consensut i l  sc ience.  Instead of g i v i ng  a  p r e -  
c ise  def in i t ion of a  revo lu t i on  i n  sc i ence  (as  l ie  notes,  
h is tor ia r is  a n d  scient ists a l i ke  d i sag r ee  abou t  ca l l i ng  
m a n y  scient i f ic i nnova t i ons  revo lu t ionary ) ,  h e  l ists four  
tentat ive cr i ter ia  for’ident i fy ing one :  The r e  mus t  b e  
tes t imony of con t empo ra r y  w i tnesses that a  r evo l& i on  

: h as  occu r red .  La te r  documen ta r y  h is tory has  to suppo r t  
the i r  no t i on  that a  rea l l y  f undamen ta l  c h ange  has  oc -  
cu r red .  The r e  has  to b e  a  j u dgmen t  by  h is to r ld  that. 
the c h ange  was  revo lu t i on&y.  F ina l ly ,  h e  l ooks  for “th e  
my tho l ogy  that is cart  of tbe accep ted  he r i t age  of b rat -  
t ic lng scient ists.” I ndeed  th is 1s  a  h is to r ian’s histej;  it 
a l l  d e p ends  o n  wha t  y ou  emphas i z e  -  h is  gu i l d’s atti- 
tudes  a r e  ob jec t ive  j udgments ,  m y  gu i l d’s a r e  myths.  
That  is not  mean t  to b e  a r i  i nv id i ous  remark ,  but  ra the r  
a n  app rec ia t i on  of the ro l e  of such  ref lect ions i n  the 
educa t i on  a n d  mot iva t ion  of m y  scient i f ic co l l eagues .  

O M E  of Mr .  C o h e n ’s mos t  in te rest ing anecdo tes  
conce r n  scient ists’ eva lua t i ons  of the i r  o w n  
work.  H e  cou l d  f ind on l y  a  d ozen  e xamp l e s  
whe r e  the r esea rche r -  h as  pub l i c ly  boas ted  

abou t  a  revo lu t ion.  E inste in ,  i n  par t icu lar ,  res is ted the 
revo lu t i ona ry  labe l .  H e  d i d  nbt  w ish  to b e  thought  im -  
modest ;  m o r e  impor tant ly ,  h e  w i shed  to st ress the 
ph i l osoph ica l  cont inu i ty  of h is  phys ics  wi th Newton’s. 
Mo reove r ,  a n  evo lu t i ona ry  m o d e l  gf the deve l opmen t  of 
sc i ence  l eaves  m o r e  r o o m  for fur ther  c h ange  in  a  
theory.  Never the less,  if E i ns te i n i an  phys i c+  is not  r evo -  
lu t ionary,  wha t  i s?  

A t the e n d  of the b ook  Mr .  C o h e n  a lso  d iscusses  
br ief ly  the e l emen t  of quas i - r e l i g i ous  conve rs i on  i n  the 
r esponses  of scient ists to revo lu t i ona ry  i deas  h i  sc ience.  
Be l i e f  canno t  b e  i gno red ,  but  h is to r ians shou l d  pay  
m o r e  at tent ion to t ihat scient ists do,  wha t  eTpe r imen ts  
they’per fo rm,  i n  the face of cha l l enge ,  ra the r  than  to the 
be l ie fs  they vo ice.  If they focused  o n  the work,  they 
wou l d  f ind that m a n y  examp l e s  of unwon t ed  res is tance 
r evea l  i n  scient ists a  se r i ous  in te rna l i zed  s t rugg le  to un -  
de rs tand  new ly  p resen ted  facts a n d  to a c commoda t e  
ex is t ing theoret ica l  s t ructures to these  facts. 

“Revo lu t i on  i n  Sc i e nce” amp l y  fulf i l ls its au tho r’s 
p rospec tus  as  h istory. It ne i the r  p r om i ses  no r  de l i ve rs  
o n  the thr i l l ing h opes  that c reat ive  revo lu t i on  wi l l  b e  
bet ter  unde rs t ood  f r om b iog raph ica l ,  soc io log ica l  o r  
ph i l osoph ica l  perspect ives.  I wou l d  h ave  l i ked  to see  a  
r ec i pe  for h o w  to c rea te  a  scient i f ic revo lu t ion.  T he  c los -  
est I r e ad  was  h o w  to m a k e  h is to r ians be l i eve  you  hq!  
m a d e  one -adve r t i se  that y ou  h ave  d o q e  it. 0 ’ 
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